Multiple isolates of Brucella sp. that differ from the recognized species within this genus have recently been isolated from viscera of 4 harbor seals (Phoca vitulina), 2 harbor porpoises (Phocoena phocoena), 1 common dolphin (Delphinus delphis), an Atlantic white-sided dolphin (Lagenorhynchus acutus), 2 striped dolphins (Stenella coeruleoalba), a hooded seal (Cystophora cristata), and a gray seal (Halichoerus grypus), 9, 18 all from the Scottish coast. A similar Brucella sp. was isolated from an aborted fetus of a bottlenose dolphin (Tursiops truncatus) from the coast of Califomia. 6 During routine capture operations, 18 of 102 Pacific harbor seals (Phoca vitulina richardsi) and 4 of 50 California sea lions (Zalophus californianus) from Puget Sound, Washington, had been reported with positive titers to Brucella sp. 12 In this report, we describe the isolation, tissue location, and immunohistochemical and ultrastructural features of Brucella sp. infection in a pacific harbor seal. These findings suggest that transmission of brucellosis by infected lungworms is a possibility.
B. abortus testing 1 were used for the samples: the Brucella buffered plate agglutination test antigen (BAPA), brucellosis card test using buffered Brucella antigen (BBA), and the complement fixation (CF) test.
Sections of each of the paired sublingual, supraclavicular, subclavicular, inguinal, mesenteric, perirenal, and thoracic lymph nodes from each location and sections of lung, liver, heart, pancreas, spleen, and abscess were frozen at -20 C in sterile sample packs and sent to the NVSL, Ames, Iowa, for bacterial culture. Thawed specimens were cultured by previously described methods. 5 Each piece of tissue was cleaned, placed in an equal volume of phosphate-buffered saline, and macerated in a stomacher. a After maceration, each specimen was swabbed onto the following media: tryptose agar with 5% bovine serum and antibiotics (TSA), TSA with ethyl violet, Ewalt's medium, 5 and Farrell's medium. 7 Cultures were incubated with added CO 2 at 37 C for 14 days.
Representative sections of heart, lung, liver, spleen, kidney, pancreas, urinary bladder, testis, and the remaining portions of lymph nodes were preserved in 10% buffered formalin and submitted to Northwest ZooPath in Snohomish, Washington, for histologic examination. Formalin-preserved tissues were trimmed, embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). Selected sections were also stained with the Giemsa and with Brown and Brenn (B&B) techniques. 13 Blocks of paraffin-embedded lung, liver, kidney, spleen, lymph nodes, heart, urinary bladder, and pancreas were submitted to the NVSL for immunohistochemical evaluation. Immunohistochemical staining was done using a commercially available labeled streptavidin-biotin system. b Fourmicrometer sections were mounted on positively charged slides, c deparaffinized, hydrated to buffer d (pH 7.5), treated with 3% H 2 O 2 (5 minutes) to quench endogenous peroxidase, blocked for 5 minutes at 37 C with nonimmune goat serum, b and incubated for 30 minutes at 37 C with a polyclonal antibody (1: 10,000) prepared against B. abortus strain 2308. 20 Sections were then rinsed 3 times in buffer e and incubated with biotinylated goat origin anti-rabbit Ig (30 minutes at 37 C). After 3 rinses, peroxidase-labeled streptavidin was applied (10 minutes at 37 C) and rinsed, and color was developed with 3-amino-9 ethylcarbazole in N,N-dimethylformamide. b Sections were counterstained with Gill II hematoxylin, a and coverslips were mounted with an aqueous-based mounting medium. b Nonimmunized rabbit Ig fraction b was nematodes (arrows) containing intrasubstituted for the primary antibody as a negative control. A capillary gap system b was used for immunohistochemical staining.
Lung tissue was retrieved from formalin and placed in 3% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 4 hours, processed, embedded in epoxy resin f and examined with an electron microscope. g Necropsy findings were emaciation, empty alimentary tract, and low numbers of gastric and intestinal nematodes (probably Anisakis) and acanthocephalans (probably Corynosoma). A small abscess was present in the subcutis of the trunk. The lungs were congested, and numerous nematodes resembling Otostrongylus and Parafilaroides were within the bronchi and bronchioles.
Serum from the seal tested positive by the BAPA and BBA tests. The seal had a titer of ≥ 1:640 by the CF procedure.
Light growth of a Brucella species was obtained from the mesenteric, sublingual, subclavicular, and supraclavicular lymph nodes and liver. Heavy growth of Brucella sp. was isolated from the lung. No Brucella species was isolated from the inguinal and iliac lymph nodes, pancreas, kidney, liver, spleen, testicles, heart, and abscess. The isolate required CO 2 for growth. It grew on basic fuchsin (1:100,000, 1:25,000), thionine (1:100,000, 1:25,000), thionine blue (1:500,000), penicillin (5 units/ml), and erythritol (1 mg/ml, 2 mg/ml with 5% bovine serum). The A antigen was dominant, and it was not lysed by the Tbilisi phage. The isolate was catalase positive and did not produce hydrogen sulfide. The colony morphology was typical for Brucella. 16 The most significant histologic lesions were in the lung and were typical of those described for Parafilaroides infection in sea lions. 8, 14, 15 Most of the bronchioles and terminal airways contained numerous male and female nematodes consistent with Parafilaroides. 4 Morphologic features of these parasites included polymyarian, coelomyarian musculature, intestinal tract lined by few multinucleate cells, and smooth cuticle. The uterus of female worms was often filled with large numbers of coiled larvae (Fig. 1 ). The pulmonary parenchyma was diffusely congested and multifocally atelectatic. Airways containing mature nematodes had little or no inflammation. Mild to marked suppurative to granulomatous inflammatory infiltrates extended into alveoli or the lumina of airways that contained free intact or degenerative larvae (Fig. 2) . The mucosal epithelium of these airways frequently had epithelial hyperplasia, goblet metaplasia, or extensive erosions. Some of these airways contained a luminal catarrhal exudate. Staining of sections of lung with Giemsa revealed moderate to large numbers of coccobacilli in close association with the apical surface of cells lining the uterus of some female Parafilaroides (Fig. 3) . These organisms stained gram negative with B&B. In Giemsa-stained sections, coccobacilli were also detected in the intestinal lumen of some Parafilaroides and rarely in extracellular locations of surrounding inflammatory foci. Low numbers of larger nematodes morphologically consistent with Otostrongylus were detected in a few airways. Additional histologic changes included focal mild granulomatous hepatitis, pancreatic atrophy, and mild hemosiderosis in the spleen and lymph nodes.
The immunohistochemical technique labeled large quantities of antigen within the gut lumen and/or uterus of several of the Parafilaroides, corresponding to areas where coccobacilli were detected in Giemsa-stained sections (Fig. 4) . Some of the microgranulomas surrounding the Parafilaroides contained varying amounts of free immunolabeled antigen and phagocytized antigen within the cytoplasm of leukocytes in the surrounding pulmonary parenchyma, these areas corresponding to the location of bacteria detected in the Giemsastained sections. Labeled antigen rarely was detected in the cytoplasm of mononuclear cells located within airways or the interstitium, usually in proximity to infected Parafilaroides. Immunolabeling was not observed in some Parafilaroides or in any of the Otostrongylus, and immunolabeling was not observed in negative control slides.
Electron microscopic examination of formalin-preserved tissues revealed small coccobacilli with both inner and outer of coccobacilli attached to and within the epithelial lining of envelope membranes consistent with the ultrastructural ap-the uterus. pearance of Brucella sp. 2 (Fig. 5 ). Bacilli were present free in Brucella infection was diagnosed in this harbor seal based the uterine lumen of adult Parafilaroides, with small numbers on results of serology, bacteriology, histopathology, immu- nohistochemistry, and electron microscopy. These results suggest that transmission of brucellosis to pinnipeds by infected lungworms is possible.
Official interpretations of brucellosis serology test results for nonvaccinated and officially vaccinated cattle and bison are outlined in the Brucellosis Eradication Uniform Methods and Rules. The CF test titer was ≥ 1:640. Manual CF test results for nonvaccinated cattle and bison are interpreted as follows: 1 + 1:10 or lower is considered negative, 2 + 1:10 through 1 + 1:20 is interpreted as suspect, and 2 + 1:20 or higher is interpreted as a reactor. The BAPA and BBA tests, which are reported as either positive or negative, were both positive. There are no official interpretation guidelines for brucellosis serology test results when marine mammal sera are tested using the B. abortus antigens. When evaluated in conjunction with the isolation of Brucella sp. from this seal, these serology results appear to have significance.
The colony morphology and the results of the biochemical tests are compatible with those described for the genus Brucella. 16 The biochemical results for the isolate from the harbor seal are similar to those for the seal isolates reported from the Scottish coast but differ in the CO 2 requirement and dominant antigen from the isolate reported from the bottlenose dolphin and in the CO 2 requirement from the cetacean isolates from Scotland. 6, 19 Histologic changes 8, 10, 14, 15 and microscopic morphologic features of the pulmonary nematodes 4 were as described for Parafilaroides species that infect pinnipeds. The inflammatory changes were most severe in airways containing free Parafilaroides larvae. Based on these microscopic findings and the documented pathologic changes in the lungs of pinnipeds with P. decorum infection, pneumonia in this seal was attributed to lungworm infection. The focal granulomatous hepatitis was attributed to parasite migration, although no parasites were seen. This lesion is a common finding in the livers of heavily parasitized harbor seals from Puget Sound that have died of unrelated causes. Although not present in the seal of this report, these granulomas occasionally contain nematode larvae or developing stages of trematodes (M. Garner, personal observation). The hemosiderosis in spleen and lymph nodes may have been due to iron sequestration associated with chronic inflammatory disease and wasting. Pancreatic atrophy was attributed to wasting. The abscess detected on the trunk was not examined microscopically but most likely had a bacterial or parasitic etiology. No Brucella sp. was isolated from the abscess.
The presence in lungworms of numerous small coccobacilli that immunolabeled with antibody to B. abortus suggests active infection of the lungworms by the cross-reacting brucellar organism. The presence of labeled bacteria in some of the granulomas containing degenerating nematodes and nematode larvae and the presence of brucellar antigen in macrophages in the lung parenchyma in proximity to infected nematodes suggest that at least one source of Brucella infection in harbor seals may be from exposure to infected Parafilaroides.
The presence of bacteria in lungworms at sites of immunostained brucellar antigens was confirmed by the electron microscopic findings of small gram-negative coccobacilli with ultrastructural morphology typical of Brucella sp. 2 The close apposition of coccobacilli and uterine epithelial cells of the parasite and the presence of adhesion plaques at sites of apposition are evidence of a specific adherence mechanism of Brucella sp. Recently, an integrin molecule has been shown to be a receptor for B. abortus, and a receptor probably mediates the interaction between bacterium and parasite in Parafilaroides.
Parafilaroides decorum infects sea lions along the west coast of the United States. The life cycle of P. decorum has been characterized. After migrating up the respiratory tree of the sea lion, larvae are swallowed and passed in the feces. The contaminated feces are ingested by opal-eye (Girella nigricans), a common feces-feeding fish found in rookeries and tide pools. Other tide pool fish may also serve as intermediate hosts outside the range of the opal-eye. Infected larvae are released from the ingested fish tissue in the gastrointestinal tract of the sea lion, and they migrate to the lungs where maturation occurs. 10 It could not be determined whether the Parafilaroides in the seal of this report was P. decorum or a related species. If the nematode in the harbor seal is P. decorum, then Brucella infection and serconversion may also occur in sea lions. A program to screen for Brucella sp. antibodies in wild-caught harbor seals and sea lions from Puget Sound is being conducted, and 18/102 seropositive harbor seals and 4/50 seropositive sea lions have been detected. 12 Most of the stranded or dead harbor seals and sea lions detected along Puget Sound beaches are young, emaciated, and heavily parasitized. Gross necropsy findings and histologic changes in the seal of this report were similar to those seen in many of the dead or stranded harbor seals that have been recently examined (M. Garner, personal observation). These findings are suggestive of starvation, maladaptation to a stressful environment, and immunosuppression. Brucella infection and seroconversion may be a common phenomenon in pinnipeds.
In domestic animals, brucellosis is generally a systemic infection, with intermittent bacteremia. Persistent infections and clinical disease most often involve the genitalia, placenta, and lymphoid tissues. Pneumonia is a common manifestation of fetal infection. 11 The effects of this infection in harbor seals are unknown because complete examinations of infected seals have not been performed. Infection may be more significant in pregnant seals, fetuses, and neonates, as is seen in domestic species. 11 More comprehensive studies of tissues collected from infected seals of various ages and at various stages of the reproductive cycle will be necessary to better understand the significance of this infection in pinnipeds. If Parafilaroides has a commensal relationship with Brucella, then Brucella infection may be endemic in some populations of harbor seals. Because harbor seals use terrestrial sites for resting, contact between infected animals and naive terrestrial mammals is also possible. Harbor seals are legally hunted by some Native American tribes and are used as a food source, providing a potential source of exposure to humans. Additionally, exposure to humans may result from handling and rehabilitation of stranded pinnipeds.
